Hepatic low-level chemiluminescence during redox cycling of menadione and the menadione-glutathione conjugate: relation to glutathione and NAD(P)H:quinone reductase (DT-diaphorase) activity.
Formation of excited species such as singlet molecular oxygen during redox cycling (one-electron reduction-oxidation) was detected by low-level chemiluminescence emitted from perfused rat liver and isolated hepatocytes supplemented with the quinone, menadione (vitamin K3). Chemiluminescence was augmented when the two-electron reduction of the quinone catalyzed by NAD(P)H:quinone reductase was inhibited by dicoumarol, thus underlining the protective function of this enzyme also known as DT-diaphorase. Interference with NADPH supply by inhibition of energy-linked transhydrogenase by rhein or of mitochondrial electron transfer by antimycin A led to a depression in the level of photoemission. Unexpectedly, glutathione depletion of the liver led to a lowering of chemiluminescence elicited by menadione, whereas conversely the depletion of glutathione led to increased chemiluminescence levels when a hydroperoxide was added instead of the quinone. As the GSH conjugate of menadione, 2-methyl-3-glutathionyl-1,4-naphthoquinone, studied with microsomes, was shown also to be capable of redox cycling, we conclude that menadione-induced chemiluminescence of the perfused rat liver does not only arise from menadione itself but from the menadione-GSH conjugate as well. Therefore, the conjugation of the quinone with glutathione is not in itself of protective nature and does not abolish semiquinone formation. A biologically useful aspect of conjugate formation resides in the facilitation of biliary elimination from the liver. Nonenzymatic formation of the conjugate from menadione and GSH in vitro was found to be accompanied by the formation of aggressive oxygen species.